Abstract: This article deals with the results of the research on the behaviors of the rural buildings made up of local materials during earthquakes. This article reveals the mechanical properties of masonry detected based on experimental research results on wall samples made of local materials such as mud bricks, clay and straw mixture, rubble stones and limestones cut in standard sizes. In addition, the constructive measures prepared for the earthquake resistance of rural structures and the application techniques of these buildings in common construction are also generalized in this article.
Introduction
Depending on social, cultural and usage conditions, modern buildings can also be classified as urban structures and rural structures. Urban construction rules have been developed in the developed and developing countries of the world in a level appropriate to the requirements of earthquake-resistant structure construction. In these countries, standards are being applied which make it necessary to accept the "building construction and design rules in earthquake zones" which are being updated over time. These standards generally include requirements for urban construction.
Rural construction, as it used to be, is still carried out with construction materials that can be found near the construction site. In addition, the buildings built by people who settled in the outskirts of the big cities of developing countries are no different from rural buildings. In these structures, mud brick, clay-straw mixture, rubble stones collected from river beds and broken off from the rocks, and limestones produced by cutting in standard sizes, are still used as masonry materials. The masonry is made of clay, lime, lime-cement and cement mortars with low strength. These building walls have great intensity, low strength and stability.
Accordingly, recommended masonry materials in the earthquake zones of many countries do not include clay-straw mixture, mud bricks and rubble stones in building construction and design standards for use in earthquake-resistant buildings [1] .
The rural people who constitute 46% of the world's population 1 do not have the financial and technical means necessary to create a living space in line with the contemporary earthquake specifications. In some countries which located on active earthquake zones significant part of the population live in rural areas: China (44%), India (67%), Iran (27%), Turkey (27%) and Azerbaijan (45%). People living in the rural areas of underdeveloped countries are still obliged to carry out the construction of their living spaces with materials with low durability and high density. The widespread destruction of buildings made of 1 http://data.worldbank.org/indicator/SP.RUR.TOTL.ZS. materials with lower mechanical properties, such as mud bricks and rubble stones, and mortar with low mechanical properties exhibit different behaviors. Fig. 1 shows the post-earthquake appearance of two buildings (Figs. 1a and 1b) with level-4 damage according to MSK 64 due to the earthquake [2] with a magnitude of 5.4 and according to MSK 64 with level-7 surface impact, which occurred in 1981 in İsmayıllı region of Azerbaijan as well as two other buildings with level-1-2 damage according to MSK 64 with the same design properties close to the buildings above (Figs. 1c and 1d) [3] . constructed in line with the requirements of Regulations for the Structures to be Built in Disaster Areas [4, 5] in force between in Turkey in an earthquake resistant design, with at least level-5 damage according to MSK 64 in the August and November earthquakes of 1999 with a magnitude of 7.4 which impacted İzmit-Düzce regions of Turkey as well as the 1-2-storey buildings right next to them (distance between the buildings is 3~5 m) that were constructed without observing the contemporary earthquake specifications with brick and mud-brick masonry which survived this earthquake with level-1-2 damage according to MSK 64.
Similar events have also been observed in the results of engineering surveys of devastating earthquakes that have occurred in different countries of the world. The mosque structure made of wooden beams and rubble stones did not collapse while all the other buildings made of mud bricks, clay and rubble stones in the city collapsed with the impact of the earthquake that took place in Şamaxı city of Azerbaijan in 1902. This mosque structure was found to have 1-2 degrees of damage [6] . The same results were observed in the effects of the earthquakes that took place in Ashgabat (Turkmenistan) and Zakatala (Azerbaijan) in 1948 [3, 7] . Medium-intense and destructive earthquakes that occur in the Caucasus, Central Asia, Iran, Anatolia and other regions of the Middle East, where the author participated in the engineering studies, showed that it is possible to construct earthquake-resistant buildings by using materials with low mechanical properties and high density such as mud bricks, clay-straw mixture, rubble stones if the appropriate constructive arrangements are applied.
In order to minimize the loss of life and property due to earthquake impact in rural areas, the following conditions must be met:
 Rural people must be convinced that it is possible to protect them from earthquakes and that human beings have the means for it;  Simple constructive measures that can be made with tools and equipment (such as axes, hammers, saws, drills, scissors) that rural people have must be prepared and made available to these people;  The technique for implementing these constructive measures should be simple and rural people should be trained in the application of the construction techniques of these constructs [3, 8] .
The provision of such constructive measures and the preparation of application techniques are still relevant.
The following are the constructive formations prepared in line with the demands of rural construction and the application techniques of these measures are given depending on the type of material used.
Earthquake Resistance Measures in Rural Structures
Masonry of the rural structures can be classified as mud brick-walls, clay-straw mixed walls, rubble-stone masonry, brick wall, limestone wall produced by cutting in standard sizes according to masonry material of rural buildings. 
Mud Brick and Clay-Straw Mixture Walled Buildings
The clay-straw mixture is used in the construction of rural areas, produced as castable (monolith) and as mud brick. It is known from the results of engineering studies of these earthquakes that buildings made of mud brick masonry are destructed widely during devastating earthquakes, causing great loss of lives and property. However, the engineering study of the impact of earthquakes such as Samahı (1902), Kasımkent (1966) , Ismayilli (1981) , İzmit (1999) and Düzce (1999) showed that when the clay-straw mixture was used as the filling material for the wooden carcass, life and property loss due to earthquake impact was largely prevented [3, [9] [10] [11] [12] .
The constructional characteristics of a building type which is still in use and which is able to maintain its strength and stability during many earthquakes in Azerbaijan constructed by using clay-straw mixture are given in Fig. 3 .
These buildings are constructed with basement and ground floor. The height of the basement floor is 1.5~2.5 m and its walls are made of rubble stones with a thickness of 0.50 m with cement, lime and clay mortar. The height of the ground floor is around 3 m. The wall bearing system consists of wooden columns installed on the basement floor at every 1.5~2.5 m and a clay-straw mixture filled between them. The columns are enclosed in the horizontal frame considered at the top level of the basement. At the upper levels of the columns are the under-roof beams, which connect the wall of the building transversely and longitudinally and are connected safely with the columns. Columns are made of wood elements with a diameter of 20 cm or a cross-section of 15 × 20 cm. On both sides of the building wall, the columns are covered with wooden layer trussed with nails and the space between two wooden layers is filled with clay-straw mixture. Mud brick can also be used for this purpose. The clay-straw mixture is applied to both surfaces of the walls as the plaster layer. In the building bearing system constructed by applying such a technique, wooden-carcass provides high strength and the clay-straw mixture or mud brick filled in the carcass provides the properties of killing the dynamic impact of the earthquake (swallowing the energy), which all together realize the formation of an earthquake resistant system [3, 7, 9, 11, 13, 14] . The constructive formation of the wall cross-section is shown in Fig. 3c and the column beam intersection formation is shown in Fig. 3d .
We can characterize the reasons for the success of these constructive formations prepared by medieval masters (architects) as follows:
 Ensuring the usage of the high plastic deformation feature of clay as well as the elastic deformation and strength properties of the wood frame in this constructive order;  The correct selection and acceptance of wooden frame geometric measures (distance between columns, column height, column and beam cross-sectional measurements) which ensure that the clay-straw mixture and the wooden frame work together under the earthquake impact;
 Selection and acceptance of suitable clay and wood type (kind).
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Theoretical and experimental investigation of the dynamic behavior of clay-straw mixture filled carcass structure is not given here since it is not within the scope of this article. In addition, these architects were able to implement measures to prevent the decay of wooden elements of the building walls and corrosion of the infilled wall material. Decay in the wood and corrosion in the elements of clay-filled walls are rarely encountered in these structures which survived up to this day.
Buildings with Rubble Stone Walls
The constructive plan design of the buildings made of rubble stones is as shown in Fig. 3a . It is carried out in two layers including the outer wall layer and the inner wall layer along the masonry height in the rubble stones applied in the rural areas. The masonry layers are not connected with each other. The connection is only possible with the possible adherence stress strength between the masonry mortar and rubble stone surfaces. Accordingly, these longitudinal masonry layers undergo transverse permanent deformation in case of eccentric loading of the wall [3] . This is schematically shown in Fig. 4 .
This deformation character can also be observed under the influence of the static loads. Under earthquake impact, the internal walls are completely dissolved due to the accumulation of the pre-existing internal stresses in the wall with the external stresses. There are also cases where the outer layers of the outer walls collapse by the earthquake impact ( Fig. 5b) :
(1) Limit State 1: The masonry behaves like a full monolithic element against external factors; the masonry stones and masonry mortar work together and the masonry maintains its monolithic form (Fig. 4a) ;
(2) Limit State 2: In the middle part of the masonry cross section, cracks are formed in vertical direction between the longitudinal layers; and as the load value or load application time increases, these cracks develop in the longitudinal and vertical directions and this limit state ends with the separation of the masonry into layers (Fig. 4b ). Furthermore, in this limit state, transverse deformations start to occur along the wall thickness; In the middle part of the wall, a significant thickening is observed due to the transverse deformation, and this transverse deformation value decreases towards the upper and lower ends of the wall. No change in wall thickness is observed at the top and bottom ends of the wall (Fig. 4c) ; (4) Limit State 4: In the middle part of the wall height, the transverse deformation rapidly develops and this becomes the starting point for the wall's dissolution. When the loading of the wall is stopped after the third limit state, the wall retains its stability for a certain period of time in this limit state. In the case of the 3rd limit state, if the loaded state of the wall is lengthened for a long time, the 3rd state switches to the 4th limit state.
In case of loading the outer walls, the stairwell walls and the walls similar to those shown in Fig. 5a , the 3rd limit state does not take place; and by the end of the 2nd limit state, dissolution might occur as if at the 4th limit state (Fig. 5b ).
The following is the constructive formation based on the above-mentioned behavioral characteristic of buildings constructed with rubble stones and used in the earthquake resistant buildings in the past.
Earthquake Resistance Measures in Masonry Made of Rubble Stones
There are examples showing that the buildings built with rubble stones and wooden beams are standing for several centuries in the earthquake zones of Central Asia, Anatolia and Azerbaijan and that they have not collapsed during destructive earthquakes [3, 6, 15] . The constructive plan design of these buildings is as shown in Fig. 3a . Wooden beams are placed in the wall per 60-150 cm, one being for the thickness and another for the height of the wall. In these buildings, the wooden beams prevent the masonry from separating into vertical layers and allow the supporting walls to work in transverse and longitudinal direction together (Fig. 6 ). Two principles were taken as basis for strengthening with wooden beams:
 Wooden beams must ensure continuity so that the walls of the building can be connected to each other transversely and longitudinally. These beams can be formed at the upper levels of the window openings, along the floor height and at different levels of the floor height;
 Wooden beams can be formed at every h = 60~150 cm along the height of the building. The main task of these beams is to prevent separation of the walls of the building into layers by connecting the two longitudinal layers of the walls together; and to ensure that the walls of the building work together in longitudinal and transverse direction.
Here, wood was specially chosen as the material for the beam. The beams were selected from decay-resistant, high-strength dry wood materials. Oak trees were widely used for this purpose. There are examples in which the beams made of wood that does not comply with these conditions could not protect the building from the impact of earthquakes as a result of decay over time [3] . It is seen in the engineering survey of 1981 Ismayilli (Azerbaijani) earthquake that the wooden beams did not prevent the dissolution of walls with low strength masonry. In Fig. 7 , it is observed that only the wall parts above and under the beam put in the middle of the floor height along the wall height dissolved due to the earthquake impact.
In addition, as seen in Fig. 7 , the wooden beam considered at the middle of the height of the floor retained its previous state and did not detach due to earthquake effect. The examination of the masonry buildings made of wooden beams in earthquake zones showed that the distance between wooden beams is different in different wall types along the wall height. Detailed investigations have shown that the distance between beams along the wall height is around 60~100 cm in walls bonded with mortar of clay-straw mixture and is around 120~150 cm in walls made of mortar of lime or lime-cement mixture. Thus, these architects changed the distance between the beams along the height, depending on the strength of the masonry. They considered this distance as far in the walls with high strength, and as short in the walls with low strength. When this principle deteriorated, serious damage to the masonry was observed (Fig. 7) . Moreover, the widespread use of wooden beams in today's rural construction is not possible in some countries. The selection of wood materials that can be used for this purpose and the application of antiseptic measures are costly. The preparation of simple constructive measures that can be carried out with less cost that can be applied in the construction of rural areas and the development of techniques for widespread construction application are still relevant issues.
Strengthening Construction of Rubble Stone Masonry
Strengthening of stone and brick masonry with reinforcement is widely used in the construction of earthquake resistant buildings. Buildings with masonry supported by reinforcement behaved better during earthquakes in southern California and India [6, 15, 16] . It is known that reinforced concrete beams used at floor levels are also inspired by the wooden beam formations used in rubble stone masonry walls in the past. In many standards in the world today, it is recommended to apply reinforced concrete beams at floor levels in brick and properly cut limestone walls [1, 5] . However, in the researches after Aşkabat (1948), Tashkent (1966), Siyazan (1963) , Gasımkent (1966) , Dimanis (1978) , Ismayilli (1981) , Erzincan (1992) and other earthquakes, it has also been observed that there are numerous damages and demolitions in the masonry walled buildings formed with reinforced concrete beams at floor levels. It has been observed that there are no cracks in the reinforced concrete beams at the floor level, although the cracks covering the entire cross section of the wall diagonally and like a plus shape were formed in the space between the walls due to the impact of Siyazan earthquake (1963) [3, 7, 13] . The same behavior was observed during Erzincan (1992) earthquake at numerous brick-walled one and two storied buildings built in Üzümlü village. Here, although the basement and first floors of the buildings completely collapsed, cracks were not found in the reinforced concrete beams at the floor level (Fig. 8) . Thus, the concrete beams formed at the floor levels exhibited different behaviors during the earthquake. The beams formed at floor-level in quality walls formed with high-strength materials increased the earthquake resistance of the walls, and when materials with low mechanical properties are used in the walls, the walls collapsed as shown in Fig. 8 .
In order to increase the earthquake-resistance of the masonry of stone and brick walled buildings, the wall must be normally reinforced with reinforcing bar or mat on the expected cracking planes of the wall. Depending on the classification of cracks on stone and brick walled buildings [3] , the supporting walls must be reinforced by cutting the cracking plane in the vertical and horizontal directions in the masonry system. In general, reinforcement of the wall in the normal direction to the cracking plane can increase the strength of the masonry more effectively. However, reinforcement to be made with such formation is not used since it is difficult and complicated from the application and technical point of view. Vertical reinforcement in masonry is also complicated; thus, horizontal reinforcement is widely applied in practice. Since the prevention of corrosion of the reinforcement in the masonry seams requires complicated and additional cost on the external walls, strengthening of the reinforcement should be done with reinforced concrete elements rather than placing the reinforcement directly into the mortar. However, it is wrong to think that the earthquake resistance can be increased with reinforced concrete beams planned at the floor height of stone and brick walled buildings. Because the cross-sections of these beams remain outside some of the expected crack formation planes of the building walls. In the masonry at floor-levels of stone and brick-walled buildings, reinforced concrete beams that horizontally cut the crack formation planes expected on the walls increase the strength and stability of the masonry. The spacing of these beams along the floor height can be determined depending on the masonry strength. For low-strength masonry, the distance between the beams is less along the height of the wall, and more for high-strength masonry. The constructive formations of reinforced concrete beamed rubble stone masonry are given in Fig. 9 [9] .
The spacing of reinforced concrete beams along the wall height can be determined depending on the strength and deformation capacity of the masonry by thickness, reinforcement cross section area and concrete class experimental methods. The results of the research carried out in the Earthquake Engineering Laboratory of Azerbaijan Institute of Construction and Architecture are given in Fig. 9 .
Investigation of Strength and Deformation of Rubble Stone Masonry

Experimental Research Method of Strength and Deformation of Rubble Stoned Masonry Samples
In the research to determine the optimum values of the mechanical properties of the rubble stone masonry and the spacing between the beams at floor height, 4 series of masonry samples with a thickness of 50 cm, a width of 100 cm and heights of 80, 100, 120 and 140 cm were prepared (Fig. 10) .
A reinforced concrete layer with a thickness of 50 mm is considered at the top and bottom ends of each sample. Reinforcement of the reinforced concrete layer was carried out with stirrups with 2Ф12 longitudinal and 200 mm spacing and diameter of Ф8 mm. The reinforcement mat is made of ribless reinforcement bars of reinforcement class S220. Strength values of stone and mortar were determined according to the test results of cube samples taken from the sample masonry stones at the size of 100x100x100 mm and from the masonry mortar at the size of 70x70x70 mm. Masonry samples were prepared using stones with a cube strength of 8 kN/cm 2 and a mortar with a strength of 1.52 kN/cm 2 . The samples were prepared using the masonry technique used in the construction of real buildings. After the samples were prepared, they were watered twice a day (morning and evening) for 14 days. Experiments were carried out after the prepared masonry samples rest for 28 days. Experiments were carried out with hydraulic press of 500 ton pressure capacity. It has been determined that load measurement error of the loading unit this press does not exceed 1%~2%. The vertical and horizontal deformations of the samples due to the load increase were measured with 0.001 mm precision clock-type deformation meters. The layout of the measurement devices in the samples is shown in Fig. 11 . For the samples, the load was applied increasingly with loading steps equal to 10% of the load capacity. After waiting for 5 min after each loading step, the deformation measurements were made. The adherence stress between the masonry mortar and the stone was determined by specially prepared test setup. A piece of flat surface less than 100 mm in diameter is collected from the surface of the rubble stone. A plastic ring with an inner diameter of 100 mm and a height of 10 mm is placed in this area. The ring is filled with mortar. At the end of 28 days, a steel circular (a) (b) plate with a holder is glued on the mortar surface with epoxy. After the adhesive dries, this steel plate is normally put with the stone on the adhesion surface. Tensile strength is measured by the approach used on the scales.
Experimental Results of Strength and Deformation of Wall Rubble Stoned-Masonry Samples
In the results of the experiments made to determine the adherence stress between the mortar and rubble stone surface, it was observed that adherence stress is 0. Fig. 12 , and the cracking characteristics of the samples during the experiment are shown in Fig. 13 . Adhesive tensile strength of natural rubble stone surface with mortar was assumed to be 15%-20% more than adherence tensile strength of detached rubble stone surface with mortar ( Fig. 12) [17] .
The difference between the adherence tensile strength of rubble stone surface detached with mortar and the adherence tensile strength of rubble stone surface in its natural state can reach up to 30%.
The statistical analysis of the results of the experimental research showed that there is a connection as:
(1) between the rubble stone surface and the mortar adherence stress strength and the shear stress strength along the same surface. The same results [18] were also found in the source.
Experiments on masonry samples made of rubble stones have shown that the strength of the sample decreases as the sample height increases. Such that, the rupture strength of the sample with a height of 80 cm is 1.25 kN/cm 2 (Fig. 14) . The connection between sample height and rupture strength of the masonry is given in Fig. 15 .
The increase of the sample height from 80 cm to 100 cm according to this diagram reduced the rupture strength of the sample by 10.4%. Raising the sample height from 100 cm to 120 cm caused the rupture strength of the sample to decrease by 39.3%. In addition, it is seen from the diagram that increasing the sample height from 120 cm to 140 cm causes the masonry strength to decrease by 11.76%. Fig. 13 Cracking characteristics of rubble stone samples during the experiment.
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Thus, it can be assumed that the difference between the rupture strengths of samples up to 100 cm in height is up to 10%. It can be assumed that these samples are not separated into layers until the rupture limit of the load application. Increasing the sample height up to 120 cm indicates that the separation of the masonry into layers has improved rapidly. Increasing the masonry height by more than 120 cm caused the sample to start to work as two layers. Accordingly, increasing the sample height from 120 cm to 140 cm reduced the rupture strength of the masonry by only 11.76%. The same results can be seen by comparing the strengths of the samples according to the crack formation limit. Thus, it can be assumed that the optimal value of the distance between the beams is 100 cm when the rubble strength is 8 kN/cm 2 and the mortar strength is 1.52 kN/cm 2 according to the results of the experiment.
As the height of the samples increased, the crack formation and the deforming properties changed. By increasing the height of the sample by 100 cm, the strength of the crack formation was decreased by 28%, while the increase in the height of the sample up to 120 cm led to decrease in the strength according to crack formation limit up to 55%. This can be explained by three limit conditions that are clearly observed when the samples are operated under axial pressure. At the 1st limit, the connection between the stone and the mortar was intact and the masonry sample could maintain its monolithicity. At the 2nd limit, the first capillary cracks start to form in the connecting mortar and this initial crack formation depends on the physical and mechanical properties of the mortar. At the 3rd limit, the size of the crack increases in the loading after the first crack formation, and new cracks start to be formed. Also, at this limit, the sample is separated into vertical strips. These strips separately work with eccentric pressure at external loads, which means the beginning of the rupture of the sample. The initial elasticity module of samples up to 100 cm in height was 930-1,770 kN/cm 2 . According to Ref. [19] , the initial deformation module (E 0 ) of samples up to 100 cm in height are calculated with this equation:
where, f c,mas is the average compressive strength of the masonry; and it can be chosen from Ref. [19] depending on the strength of the masonry stone and mortar. Also, the f c,mas value can be determined depending on the results of the axial pressure test of the masonry. For samples with a height of 100 cm, f c,mas = 1.12 kN/cm 2 , depending on the experimental research results in this article. α is the elasticity coefficient of the masonry. Depending on Eq. (2):
, .
(2)
This value is 5.36% higher than the value of α = 1,500 selected from Ref. [19] according to the type of masonry used in this study.
The initial deformation modulus (E 0 = 1,770 kN/cm 2 )
value determined based on experimental research results is used to calculate the load impact on masonry under the impact of a small number of variable repetitive loads with the equation: E = 0.5E 0 (3) The vibration period and stiffness of the masonry building when the rubble stone masonry building's elements made of different materials (concrete) can be determined with the elasticity module: E = 0.8E 0 (4) In non-linear calculations of proportional deformations of buildings masonry constructions under short-time loading impact:
. ln 1 . , (5) the formula above can be used [19] . In addition, the shear modulus value of rubble stone masonry constructions can be considered as:
If the height is greater than 100 cm, the behavior character of the samples can be examined in the 4th limit state. At the 1st limit state, the connection between the stone and the wall does not deteriorate and the sample continues to carry load without any cracks in the sample. At the 2nd limit state, capillary cracks start to form on the vertical edges of the sample and the masonry sample begins to separate into two layers with increasing load. At the 3rd limit state, the masonry sample starts to work like a two-layered wall. At the 4th limit state, the sample is separated into separate The constructive formation of such walls is shown in Fig. 9 .
Experimental Investigation of Strength and Deformation of Limestone Masonry
Absheron peninsula of Azerbaijan is a region rich in limestones which can be used as walls. The unit weight of these stones is less than 1,800 kg/m 3 and the compressive strength is between 5~15 N/mm 2 . Many buildings built in ancient times were made with stones obtained by cutting these stones in standard sizes and in certain shapes. Temples from the fire-worshiping period in Azerbaijan as well as many buildings such as church and mosques from the later periods that survived and are still used as museums, churches and mosques were built with these stones. Today, people have improved the methods of cutting and using these stones. After the second half of the twentieth century, the technique of cutting these limestones in standard sizes of (190x190x390) has begun to be applied. A two-row masonry system has been developed with the aid of these standard sized stones. Subsequent studies have revealed that the potential strength capacity of the stone in the two-row masonry system is not fully utilized [20, 21] . In 1960, scientists began to think about increasing the masonry resistance by changing the geometric dimensions of the cut stone and switching to a one-row masonry system instead of a two-row masonry system. Cemal Eyyubov and Salman Fataliyev from Azerbaijan Construction Materials Research Institute proposed to cut the limestone (300x300x130) mm in size and to make the walls in a single row with a thickness of 300 mm [22] . Experimental studies to determine the initial elastic modulus (E 0 ), elasticity coefficient (α) values and axial compressive resistance of these stone braids are given below.
Investigation of Mechanical Properties of Masonry Samples under Axial Pressure
Experimental Investigation Method of Mechanical Properties of Masonry Samples under Axial Pressure
The measure the deformations in the error range of 0.01~0.001. Thus, it can be assumed that the error rate in the experiments is below 2%. The layout of the deformation measuring devices on the test samples is given in Fig. 16c .
Results of Experimental Investigation of Masonry Samples under Axial Pressure
The cracking characteristics of the serial samples are shown in Fig. 17a , and the post-experimental view of the samples prepared for the series is given in Fig. 17b . As a result of examining the cracking characters of the samples, it has been shown that the cracked planes of the experimented samples are developed by incorporating the stone cross-sections.
The mechanical properties of the masonry samples determined according to the experimental research results are given in Table 1 . From the analysis of the results given in this table, it is revealed that the results of the experiments in the same level are not very different from each other. For this reason, the placement of the masonry stones in the direction of high strength is due to the preparation of the samples one by one and having the strengths of the masonry stones are close to each other.
According to the cutting technique of the stone, 130 mm size of the stones of 300x300x130 mm is the direction with the greatest strength; therefore, the stones will work in the direction of high strength in masonry regardless of the working character of the sample. Since this improves the homogeneity of the masonry, no significant difference is observed between the results of different samples.
As can be seen from the diagram E, N/N k given in Fig. 18 , the graph of the ratio of the load value (N) according to the loading step to the distributor load value (N d ) up to the limit of 0.65~0.70 (E; N/N k ) develops close to the linear character. This permits the transition coefficient to the calculation resistance (f d,mas ) from the average compressive strength limit (f c,mas ) of the determined masonry as K = 1.4~1.5 according to Ref. [19] . In addition, K-value recommended in Ref. [19] was assigned for the two-row masonry system. In the study conducted in this article (Table 1) , the test results of single-row knitting system samples were obtained as 12%~13%, different from each other for the same series. Therefore, K = 1.12~1.13 is possible. For design applications, K value can be rounded to K = 1.2.
Thus, according to Ref. [19] , in masonry with 300x300x130 mm sized type stones, when the stone According to the results of the tests performed on the second series of samples, the average load carrying capacity of the samples was 2,045 kN and the average strength was 0.568 kN/cm 2 . It was observed that the average strengths of the second series of samples were 1.8% lower than the first series of samples. As the geometric sizes of the sample increase, the fact that the sample is difficult to homogeneously work against the external forces can be explained as the fact that the tension that occurs under the load is not distributed uniformly to the sample. The curve (N/N k -ε) changes linearly up to N/N k = 0.7 from (N/N k -ε) graph given in Fig. 18b and it is possible to assume that the calculation strength is 70% of the rupture strength.
Result of Numerical Study
Masonry wall was modelled by using homogenization technic of composite material with ANSYS finite element program (Fig. 19 ). Stone and mortar represents with solid 65 element without reinforcement. Experimental values were assigned the elements. Maximum compressive strength of masonry was 0.45 kN/cm 2 obtained.
Conclusions
The results of the investigation of the earthquake behaviors of rural buildings constructed from local materials and the results of experimental studies on wall samples made from different materials can be summarized as follows.
Although the destruction of buildings with bearing systems made of local materials due to earthquakes is widespread, there are many examples of buildings constructed using mechanical properties of these materials surviving destructive earthquakes damage-free or in a less damaged state.
The use of clay-straw mixture as a filler material in the wood carcass spaces causes the dynamic impact of the earthquake on the building to be lightened and makes the wooden carcass significantly increase its earthquake load bearing capacity. Cross-ties may not be used in wooden carcass.
The adherence stress between the rubble stones and the cement mortar varies depending on the strength of the mortar. The mean value of the adherence stress was 0.15 N/mm 2 Compressive strength of samples prepared at 1.0 m height with rubble stones was (0.8~1.0) kN/cm 2 , and their initial modulus of elasticity was 93~177 kN/cm 2 .
It was observed that the wall samples prepared as 1.00 m in height with rubble stones had high strength and the subsequent increase of the sample height caused decrease of sample strength. For walls constructed with rubble stones, the limit value can be assumed as 1.00 m. In order to obtain walls with maximum strength at the desired height, continuous reinforced concrete beams must be used throughout the building walls, with a cross section of h × 0.10 m (h = wall thickness) at every 1.00 m and with 2 Ø 12 longitudinal reinforcement. The stirrups of reinforcement mat (transverse reinforcement rods) can be formed from reinforcing bars of Ф8 at every 200 mm. These buildings can be built in earthquake zones without using vertical beams.
In the experimental research carried out on the wall samples obtained by limestone masonry prepared by cutting the stones in (0.30x0.30x0.13) m standard dimensions, the strength of the masonry made with stones with the strength of 15.3 N/mm 2 Depending on the test results, the transition coefficient for the masonry samples from the compressive strength limit to the calculation strength is K = 1.2 and the calculated compressive strength of this masonry is R = 0.48 kN/cm 2 .
